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Tevatron

* Excellent performance of Tevatron in

Booster s 2004 and 2005
SN E = K - Highest luminosity delivered in DO
i o i 4 (January 06) : 1.6 10-32 cm-2s-!
TR e, i ey
p source Main:‘;mr- * Machine delivered more than 1.4 fb-!
< & Recycler > :
| L * Recorded luminosity in D@: 1.2 fb-!
— N e (B * High data taking efficiency ~ 85%
- Current datasets analyzed : up to 1 fb-! (to
1:2 1% be compared with ~ 100 pb! for Run I)
15 ’ 12 :
ez /i, » With 2-3 10-32cm-2s-! expected
£ ~ — 2 fb! until 2006
3o J?/ — 4-8 fb -1 until 2009
: EECAEEm
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The D@ detector

': {-)I Tr'ackmg system
AN o
— =5 -_-.« fare
\ \\ muoh
; B detector
R /

antiprotons

- Multipurpose detector
dedicated to proton-antiproton
collision @ 1.96 TeV

* Muon detector
(central+forward) with good
coverage (|n|<2). Single and
dimuon robust triggers used in B
physics analysis.

» Silicon and fiber tracker in 2T
solenoid with coverage up to

Inl=3.

o(DCA) = 16um @ P= 10 GeV
innermost layer silicon detector
being installed for RunIIb

+  Calorimeter (EM+hadronic) used
for electron flavor tagging.

protons
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B physics

@ Large variety:
- Large X-section ( >10% times Production properties (o(b), a(J/y)...
larger than B-factories ) B branching ratios
Lifetimes (Al', B%, B, B_, B, ...)
-AllB species pr'oduced Spectroscopy (B*, B™)
(B#,B4.B..BsAy....) Mass measurements (B_,A,, B,,...)
@ Mixing (Bd, BS)
Rare decay searches (B—pp/ pu®)
Inelastic QCD background very New particles X(3872), pentaquarks
important requiring efficient New physics ?
trigger and reliable tracking and
vertexing

Focus on spectroscopy, rare decays and lifetime new results (mainly with
1 fb-! and Bs mesons).
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B mesons spectroscopy (1)

Naming convention and motivation:
(bd) quark system : B;= B,™ = { B;, B,"}
(bs) quark system : B.;= B.,” = { B;, B,,"}
Spectroscopy of B mesons is not well studied

All previous results of the narrow L=1 states B, and B, have been
indirect and performed with low statistics and/or limited precision.

Masses, widths and decay branching fractions of these states can be
compared with theory (chiral quark model: hep-ph/01042208).

— measure precisely the masses and production rates of B; mesons,
observe and measure mass of B,; state.
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— search for B; states decaying to

B mesons spectroscopy (2)

Good qualitative understanding of I
B,", B;", Band B,". B," and B/
decay through S-wave but large
decay width — difficult to 5.7
distinguish from phase space.

B, and B,” decay through D-wave
and should be narrow (~ 10 MeV)

B+ with exclusively
reconstructed B mesons:

B, —B”m- (100%)
B, BT (50%)
— B™*m- (50%)

b BV (realease of an

undetected photon of 45.78 + 0.35
MeV)

5.2[9

100

. Mass (GeV)
JP= 0O
42

1_

S-wave 1, K

ForB,;: B.;— B K-

D-wave 1 ,K

In both case, B* — J/¥ K* — pru K
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Analysis of B, states:
Reconstruction/Selection

Search for narrow states
decaying to B* — J/¥ K*
with J/¥ — pp

B* selection:
Good B* vertex + kinematical
cuts + likelihood ratio method

B; selection:

For each B hadron, an
additionnal track with

* P1>0.75 GeV

» Correct charge correlation
(B*n or Bn*)

-Since B; decays immediately
after production track was
required to originate from
primary vertex.
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Analysis of B, states: AM results

The distribution of the mass
difference AM = M(B*1) - M(B*)
can be interpreted in terms of
B; fransitions.

Fitting with
N{f,G(AME, )+
(1-f)f, GAAME, ;) +
(1-f)(1-f,) G(AME5 L) } +
Fokg(AM)
With
G : Convolution of a relativistic

Breit-Wigner function with the
experimental resolution on AM.

D Runll Preliminary

1fb’

I[IIIII[IlIIIII]||II[|]II|[I1I

205
EIIIIIJ[Illlk |\k.g

h s oo la ool
82025 /03 035 0.4 045 05 055 0.6 065 0.7
M(Br) - M(B) (GeV/c?)

3 peak structure

I : mass width of the state (models predict N1 ~ T2 — '1 =2 in the fit),

E energy of the transition (AM)

f,: fraction of B, contained in the B; sample, f, is the fraction of B, *—

B*r decay in B, * signal.
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Analysis of B; states: final results

The B; and B, are observed for the first time as two separate
objects. Their masses and their average width were measured to

be:

M(B,) = 5720.8 = 2.5 (stat) £ 5.3 (sys) MeV

M(B,*) - M(B,) = 25.2 £ 3.0 (stat) £ 1.1 (sys) MeV

r'(By) =T(B,)=6.6+5.3 (stat) + 4.2 (sys) MeV
The branching ratio of B,” to the excited state B® was measured as:

Br(B,” — B* m)/Br(B,” — B®) 1) = 0.513 + 0.092 (stat) £ 0.115 (sys)

The fraction of the B; sample in the state B, was measured as:
Br(B, — B” m)/Br(B; — B®) ) = 0.545 + 0.064 (stat) + 0.071 (sys)
The B; production rate is measured as a fraction of B*rate:
Br(b — B% — B m)/Br(b — B*)= 0.165 £ 0.024 (stat) + 0.028 (sys)
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Analysis of B_, states: B_,~

Similary to B, chiral quark
models predicts 2 wide (B,,” and
B.;") and 2 narrow (B, and B_,")
bound P-states in (bs) system.

Due to isospin conservation, the
decay to B.1 is highly
suppressed.

Search for excited state
decaying to B*K-
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- Very similar to previous B;
search:

For each B hadron, an
additionnal track:

P> 0.6 GeV

Charge opposite to charge of
B+

Track originate from primary
vertex

Kaon mass assigned to the
track
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Analysis of B_, state : Results

D@ Runll Preliminary, 1 fb™
t B'K 131+ 31
[ Ie*k
I mce =B*'r

Mass difference

AM = M(B*K-) - M(B*) - M(K")
Significance of signal > 5 e
First direct observation of B_,” — ]

50
Wrong charge sign correlations
show no evidence of a peak NB K

MC B decaying to BO1T but %0 0025 005  0.075 0.1 0125 % 0.15
J Ying M(B*K')-M(B*)-M(K) (GeV/c
reconstructed as B*K- show no

evidencelonilpent M(B,,") = 5839.1 + 1.4(stat) + 1.5(sys) MeV
The observed peak in the B*1r- distribution is interpreted as the decay:
B,,” — BK M(BK) - M(B) = 66.4 MeV

Note: B_,” — B**K- decay predicted by theory would produce a signal at ~ 20
MeV strongly suppressed (small mass difference + suppression factor due to
L=2). Absence of B, meson in AM: Theory predicts M(B,") - M(B,) = 25.2
MeV — B, decaying to B™K" is forbidden since M(B,,) < M(B™) + M(K")

-
]
[4)}

ber of events
—
(=]
(=]

m

K
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Searches for rare B, decay

The decay B, — p*p-is a FCNC process — forbidden in SM at tree
level and proceeds through very low rate in higher order diagrams.
Ex: Brgu(B,— ee)=(8.15+£1.29).10-14

Brew( Bo— pru-) = (3.42 £ 0.54).10°
— a signal would indicate new physics (SUSY, MSSM, etc...)

“Blind" analysis with 300+400 pb-! (secondary 3D-vertex built from two

opposite charged tracks + discriminating variables (isolation of B, frans.
decay length significance,...))

Signal was optimized with random grid search

4.3+1.2 expected background events (for . . 2epzme; Proliminary 300 pb-1
300 pb'l) % :Ilg - Signal region
and 4 events found after selection = 1'.z1> Sideband 1 Sideband 2
Calculate Br using the B- — J/W¥ K*as %g.g
normalisation channel 2 gig
— BP(BS_)“+“-) < 2.3(1.9).10-7 at 95(90)% CL 0 46 48 5 52 54 56 58 6 6.2

for 700 pb-1 Invariant mass (u* ") [GeV/c’]
Another channel : Br(Bs—pu+p- ® ) <4.1(3.2).10-¢ at 95(90)% CL
(assuming Br(Bs — J/¥ ®) = 5.88+0.1 %)) for 300pb-!

Denis Gelé - DIS2006 - 20-24 April 2006 12



B, Lifetime

In the SM, the mass eigenstates of B, mesons (B," and Bt ) are
linear combinations of flavor eigenstates ( |B.%> and |B.%> ):
| BH>=p |BO>-q BSOS ,|B/>=p|BO>+q|BOC> ,p?+q3=1
and approximately CP eigentstates.
Def: Am=my-m,_, AC =T, -T,, r=(r +r,)/2
B, mesons are produced in an equal mixture of B,"and B,- and its
decay Ieng’rﬁ is described by:

exp(- Myt) + exp(- I ¥) with T =T £ Al/2
instead of exp(- I't) (assuming a single lifetime)

400 pb-!
Analys Is: ‘:Eam e () D@ Run Il Preliminary
Reconstruction of semileptonic decay :wwm, ™, ..
B s D “+\]X D — P11 (D — K*K- _‘?40002— m‘%’*"‘*ﬁm_%‘“f b“' »/dof = 1.33
E f o, T -
Good D, vertex U M*M":
+ kinematical cuts (Py, mass, helicity ™ p°
angle) required mE
0 '1"':51"'113"'iaé’"1'9"'1'95"'2‘"'506; '21('41;’)5[2;51;;%2
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B, Lifetime

Combinatorial (from sideband D, signal sample) + non-combinatorial
(physical processes) background

The pseudo-proper decay length is defined as:

PPDL = P-(D, " : f
DL _ l;i::y/rl?(BS)/ T(Ds ” ) go.zs:— (a) MC

- D@ Run Il Preliminary

K correction factor = P{(Du*) /P(B,)
(accounts for V/non-rec. charged particles)

»
»

The PPDL distribution is fitted using an oosf-
unbinned maximum likelihood method (assuming B e TS ISNMUSISEN )
single lifetime), 10 free parameters (ct, bkg e
description, scale factors)

PDF g = decay exp. ® Gaussian res.
+ smearing with K factor
PDF,, = sum of bkg lifetime component

® Gaussian res

Events / ( 0.005 cm )

=
o

: Q

(=]

s

c

3

L

o

3

3

o

<

y2/dof = 1.09

s

1(B) = 1.420 £ 0.043(stat) + 0.057(sys) ps
400 pb-!

1

. Lo T Rt | U, iTd=d]
0.4 -03 -02 -01 -0 01 02 03 04 05 06
Pseudo Proper Decay Length (cm)

10"
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Analysis of Al (1)

Study of the decay chain B2 — J/W &, J/¥ — prp-, ® — KK giving rise
to both CP = +1 and CP = -1 final states
— possibility to separate the 2 CP components and measure Al through

sirrc\juclj;raneous study of time evolution and angular decay products of J/¥
and .

DY Run Il Preliminary

-
o
(=
I

Analysis : selection and reconstruction
of 0.8 fb-!

-
)

S
[

BE,—>Jhp¢ + 978 + 45

ct/o(ct) >5

-
(=]
=

A simultaneous unbinned maximum
likelihood fit to the B candidate
mass, PDL, and 3 decay angles L
describing the angular distribution wof-f v |
of both J/¥ and ® final states 20t ' f
in transversity basis.

Candidates per 10.0 MeV/c®

[=+]
o
T I TT

[=1]
(=]
TT | LI

57 _ 58
Mass (GeV)
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Analysis of Al (2)

DZ Run Il Preliminary
5.26< M(B)) <5.46 GeV

*  Preliminary results (with 0.8 fb!)

2

In the limit of NO CP violation: i BY = Jiy 6 _?g:l -
ér =0.15+0.10 = 0’030.04 pS_l émz: ----- Total Signal
1(B,) = 1.53 + 0.08 + 001, , ps : vy

= 1.450 + 0.058 ps (Al = 0)
CP violating interference term is
consistent with NO CP violation in
the (B, B,%) system. (statistical

TT IIlIIII

ct (cm)

T ' ' N ®o. DZ Run Il Preliminary
precision of the estimate of CP violating & F—
angle 3® = -0.9 £ 0.7) =N < CDF 2004

10‘ CDF, K'K"
World average based on flavor - | /J
specific decays ' : /
consistent with SM E y
e o e o e
1.2 1.3 14 1.5 1.6 1.7 T(pss.s
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Conclusion

* B physics = large possibility of new
measurements

* First results with 1 fb! in DO, very
impressive

* Future is a gold mine for B physics

Denis Gelé - DIS2006 - 20-24 April 2006

17



Back up slides
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B, and B_;: Theoretical predictions

Eichten, Hill, Di Pierro, Ebert, Galkin Orsland,
Quigg Eichten Phys. Rev. D57, | Hogaasen,
FERMILAB- Hep- 5663, 1998 Eur. Phys. J. €9,
CONF-94/118-T | ph/0104208 503,1999
M(B;) mev | B759 5714 5719 623
M(B,") mev| 5771 5742 5733 5637
M(B,;) mev| 5849 5820 H831 H718
M(B.,") | 5861 5842 | 5844 | 5732
MeV B . /
/
/= /
HQET Relativistic quark model MLT bag
model

Denis Gelé - DIS2006 - 20-24 April 2006
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B, states: B" selection in detail

B reconstructed in the exclusive decay B*—~ J/W¥ K*, J/¥ — pp:
Muons identified with standard muon identification tools
P+(u)>1.5 GeV
Two muons should form a common vertex with mass >2.8 and <3.35 GeV
Additionnal charged track with Pt>0.5 GeV with kaon mass assignement
Good common vertex with the 2 muons (chisquare cut) displaced (L/o(L) >3) w.r.t PV
Then B* is reconstructed from these 3 particles.
The reconstructed track associated to the B* should originate from the PV with a significance

maxi cuft.
Final B* selection is performed through a likelihood ratio method combining the
following discrimanating variables: DO Runil Preliminary

{ Jiy K* signal

[ ] JwK bekgr

Transverse momentum of the K

Minimal transverse momentum of the 2 muons
x2 of the B+ decay vertex

B* decay length divided by its error 2000
Significance of the B-

Significance of the Kaon w.r.t the PV

Arbitrary units
8
53

1000
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B, states: fitting detall

Following this expected pattern, the experimental distribution was fitted by the following function:

F(AM) = Flj(AM) + Fyoor(AM)
Foig(AM) = N - (fi - G(AM, A, ') + (1= f1) - (f2- G(AM, Ay, T2) + (1 — f2) - GIAM, Az, T'3))). (7)

In these equations, I'y and I'y are the widths of By and BJ, fi is the fraction of By contained in the By signal and fs
is the fraction of B — B*rw decay in B;U signal. The parameter N gives the total number of ohserved B; — Bt
decays. The background Fp, .. (AM) was parameterized by a fourth-order polynomial.

The function G(x, xo,T") is the convolution of the relativistic Breit-Wigner function with the experimental resolution
in AM (parameterized by the double Gaussian function calculated from simulation):

1 ’ :EDF(J:J /
G(z,10,Tg) = — [ Res(oy,02,2",2,5)  — - - : 8
(z,70,T0) —-"\"D/ (01,02 ) =2 1 220 (8)
) 1 1 —(x — )2 1 S —(z — )2
R 2,2, 1,8) = — . X — 9
es(01,02,2, 2, 5) 511 eXp( 207 )+ Vros S +1 e\p( 20% ¥
. rol'(x)
N =
' / @ APt (10)
wo [ R\
I(r) = Io— (—) FE) (ko ko) (L=2) (11)
x \ kg
. 907 2 4
F(z’](k,ko) _ 9—0—3(&3?) +(k0?) (12)

0+ 3(kr)2 + (hr)?

The variables k, kg in (11-12) are the magnitude of the pion three-momentum in the By rest frame when Bj has a
four- momentum square equal to 22 and x3 respectively, F'?)(k, kq) is the Blatt-Weiskopf form factor for L = 2 decay
[15] and r = 5 (GeV /c) is a B hadron mass scale. The widths o, and o3, and the scale parameter S, are fixed from
the simulat ion.

All theoretical models predict that the widths Iy and I'; of By and Bj are almost equal. Therefore, they were set
to be equal in the fit: Ty = 'y = I'. In addition, the mass difference of B* and BT was fixed at the PDG value of

Denis Gelé - DIS2006 - 20-24 April 2006
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B, states: systematic errors

TABLE IIT: Systematic uncertainties of relative B; production rate

source
Number of B; events
Number of BT events
Momentum difference
Uncertainty in resolution
7 reconstruction efficiency
Total 0.023

Major contributions:

- Background parametrization
* Fitting range

» Bin widths/position

* I free in the fit
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B., states: systematic errors

TABLE I: Systematic uncertainties in the BZS mass.

source SM(B:Y) (MeV/c?)
Fitting Procedure 1.0
Cut on pr of kaon 1.1
Momentum scale 0.1

Total 1.5
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Searches for rare B, decay (detail)

Decay channel B, — p*u-® is also an exclusive FCNC decay.

Within the SM, it can only occur through electroweak penguin and box diagrams
(decay rate ~ 1.6 10-°)

Analysis is very similar to the previous one, the ® meson is reconstructed
through its K*K- decay.

Calculation of the branching fraction limit for B, — p*u® is done by
normalizing with the B, — J/W¥ @ signal.

1.6 £ 0.4 expected background
O signal events

300 pb-t

= D@ Run Il Preliminary
- Signal region

I

Sideband 1 Sideband 2

Events/5 (MeV/cz)

(=Y =N=N=] —t b bl
T A R

OCRNBRODLNBROON

||||||||||

46 48 5 52 54 56 58 6 )
Invariant mass (W 1 ¢) [GeV/c]

— Br(B,—pu- @ ) < 4.1(3.2).10-¢ at 95(90)% CL
(assuming Br(B, — J/¥ @) = 5.88+0.1 %))
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Expected upper limit for rare B decays

Calculation of the sensitivity ( = expected uppper limit on the Br ):
Assuming N, background events, we calculate for each possible value of
observations N,,,a 95% CL upper limit y(N,.s, Npock)- The average upper
limit on the signal events is obtained by weighting each limit from the
hypothetical ensemble by its poisson probability of occurrence:

-

(Npack Mobs
iye ( MNhack ) ] = § H ( Mobs n{atu:i.') ’ “—)1 'E‘-Xl)( —MNpack ) .
(nc.-hh‘)-

Moba =0

To translate this into a 95% CL upper limit on the Br, the number of B — J/W(uu)K*
has been used as normalization, then:

5’3 0
. €np b — d _
'(HR' BE'E*—B;') B

€pnp
W (”En‘:.r-k);" ) Epp K b— B

nT RO ’ ) ]
_'1\'_8:& E“ﬁ b —F BF

-B(BT — J/K*) - B(J/1 — )
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B¢ lifetime: fitting in detall

Background probability density function, defined for each measured PPDL:
Fl, N o)) = (1= f = fey = )G, 0(\))

—A.iat — AL ATt
e }Ll?,."'.:\ . -‘)‘_i.."}\

+ [t ST S (Aj = 0)

+ f_F-' i— ()‘.} < {))*

f fractions of events in the exponential decays with positive-long, positive-short,
negative-long, negative-short PPDL. A : slope of exponential decays.
Signal probability distribution function:

. o LK e e
f&%ﬁ%ﬂﬂ=ﬂm%@)h@@“%”%Wﬁ%ﬂMﬁ),
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Analysis of Al'/T : signal parametrization

In transversity basis:

43T (t)

x 2|A0(0)[2e T cos® 1f(1 — sin? 8 cos® ¢
dcost dp dcosy [A0(0)] ( ¥)

+sin® ¥ {|A) (0)[*e "= (1 — sin® Bsin® ) + [AL(0)|°e™"#" sin® 6}

1 .
=5 sin 20/ Ao (0)[| A (0)] cos(82 — 81)e™"#" sin® #sin 2
\.

1
+<¢—|A(0)||AL(0)] cos b3 sin 29 sin 28 cos p
V2 '

— A (0)[|AL(0)| cos d; sin® ¢ sin 26 sin p}% (e7THt — e~ T2 5g)

In the J/W¥ restframe, transversity polar and azimuthal angles (8,9) describes
direction of the p*, and W is the angle between the K* direction and -J/¥ direction
in the ® meson rest frame. The quantity 8® (about 0.03 in the SM) is a CP-violating
weak phase due to interference effects between mixing and decay.
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Analysis of AI'/T : Transversity angle

Transversity angle from the fit projection:

o220
«

SF DZ Run Il Preliminary e Data
e 1
£180 B ooy 00 R . -
£ s26<MB)<Sd6GeV s 0.8 fb
W ct/io(ct)>5 e Total Signal
140? Fit prob: 70.5 % - Background
120~
1005—
80gi-.‘-"."“"“-"'--.__“” .--'--."__..-"""','.-'.n
605— ____________________________________________________
wf
205_ -‘.‘-I._'__,_,...........-...<_. AR ——
0:‘F';b'll-ll.! L1 l 111 I i1 1 I 111 I L1 1 I 11 1 l 11 1 l 11 I"I"I"i“l-u
1 -08 -06 -04 -02 -0 02 04 06 08 1

Transversity
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Measurement of Br(B.,°—D . D M)

Motivation : B—D ) D) decay predominantly CP even and
) 1 (* ATl AT’
2BI’(B£ —> D§ )Dg )) ~—(1+0(—))
I"cos¢ r

where D.) = {D,, D}, one D, —®m and the other D, —>®p.
Selection of a uD,sample with D, — ®1 and with an additionnal ® meson — pu®D, sample:
Using an unbinned likelihood fit and an estimate of background
(combinatorial + physical processes) DO derives the number of

Mass (¢ ) h
signal events:

Events / 12 MeV/c?
(4] [=:] b |
(=] (=] (=]
[=] (=] [=]
o (=] o
I
+

N(uD,) = 15225 + 310 and N(uoD, ) = 19.34 + 7.85

4000

From the knowledge of Br(D, —»®uV), Br(B,— pV D.(), the new 3“““2— D2 Run Il Preliminary
2000 1 b’ LS

Babar Br(D, —®1 ) and a ratio of efficiencies , one obftains: : t

1000 —

i S VN T T AN S RN T (NS WY SN S DA [ T MY T SN (S UGN PRI T S AT SO WY N
97 18 19 2 2.1 2.2 2.3

Br(B,>—D,MD,M) =0.071 £ 0.035(stat) 002% _, .o (sys) Lol

Then : AT ,/T (B2) = 0.142 + 0.064(stat) 0958 . (sys)
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